This paper presents a novel application of the moving least square differential quadrature (MLSDQ) method to the solution of electromagnetic field problems. The MLSDQ is a new method proposed very recently for solution of nonlinear partial differential equations and has been successfully applied to the study of the bending behaviour of plates. In this paper, the applicability and accuracy of the MLSDQ method to electromagnetic problems will be examined. Two examples of electrostatic field and eddy current problems are studied and the numerical results are in excellent agreement with the analytical solutions.
INTRODUCTION
The electromagnetic field problems are in general governed by the Maxwell equations. Analytical methods can only solve problems with simple or regular boundary conditions. For practical engineering problems with complicated boundary conditions, various numerical methods, such as the finite element method, finite difference method, boundary element method etc., have been developed to solve the Maxwell equations that govern the electromagnetic field problems. In this paper, a novel numerical method, the moving least square differential quadrature method (MLSDQ) [I] , is applied to solve electromagnetic problems.
The differential quadrature (DQ) method, which was introduced by Bellman et at [2] in 1972 to solve nonlinear partial differential equations, has gained popularity recently in the analysis of the mechanical behaviour of plate structures [3] . More recently, this method has been applied in the analysis of electromagnetic field problems [4, 5] . The DQ method is highly efficient in solving a partial differential equation in a finite domain with a set of predefined boundary conditions. The DQ method discretizes the problem domain by a set of regularly distributed grid points. The derivatives of a function at an arbitrary point in the domain can be represented by a weighted linear combination of the function values at all the discrete points. Although the DQ method is easy to apply, there are three major disadvantages associated with this method. It is difficult for the method to solve problems with material and geometric discontinuities; the method requires the discrete points to be regularly distributed; and the method is only applicable to simple such as rectangular and circular domains.
Liew et at [I] proposed very recently a modified DQ method, MLSDQ method, in their study of the bending behaviour of plates. The MLSDQ method employs the moving least square (MLS) technique to replace the normal Lagrangian interpolation scheme of the DQ method in the determination of the weighting coefficients and hence can overcome the abovementioned problems associated with the DQ method.
This paper exams the applicability and accuracy of the MLSDQ method in the analysis of electromagnetic problems. The mathematical formulation of the method is presented. Two examples, electrostatic potential distribution in a rectangular trough and eddy currents in a long rectangular copper bar carrying an ac current, are presented to illustrate the applicability of the method. The convergence of the MLSDQ method is illustrated by the numerical results with different number of grid points and the numerical results are verified by the analytical solutions for the two selected examples.
MATHEMATIC FORMULATION
The MLSDQ method [1] is briefly presented in this section. The differential quadrature representations of the derivatives of a function are derived based on the moving least square technique.
Assume that a function u(x) is defined by a partial differential equation in domain n, where x=x, x=(x,y), and x=(x,y,z) represent the one-, two-and threedimensional problems, respectively. The domain can be discretized by a set of discrete spatial points {Xi}i=J.2 .... N, where N is the total number of nodes. Note that the distribution of the discrete points does not need to be regular.
In the original DQ method, the derivatives of u(x) at an arbitrary point x in the domain can be approximated as a weighted linear sum of the function values at all the discrete points [2] . The MLSDQ method, however, employs the moving least square technique to derive the weighting coefficients of the DQ representations for derivatives of u(x). The approximate function value can be expressed as follows:
where u\x) is the approximate value of u(x), Pi(X) a finite set of basis functions of a complete space, ai(x) the unknown coefficients, pT(
and m is the number of basis functions that form a complete space.
Applying the moving least square technique, we can determine the unknown coefficients a(x), which is a function of the spatial coordinates x, by minimizing the following weighted quadratic form:
where 11 is the number of the discrete points in the neighbourhood of x, u, the nodal parameter of u(x) at point Xi, and lU;(x)=lU(x-x;) a positive weight function which decreases as IIx-xiII increases. The weight function is equal to unit at the point if Xi=X and vanishes when Xi is beyond a prescribed influence domain of x. The size of the domain of influence, or support size, determines the number of discrete points 11 required in (2).
Minimizing (2) with respect to a(x), one can obtain the unknown coefficients as follows:
... 
Substituting (3) 
where the shape function ¢;(x) is given by
The first order derivatives of u(x) can be directly derived from (7) as follows: 
a¢;(x) and a¢;(x) where are the weighting ax ay coefficients of the first-order derivative of u(x) in x and y directions at any spatial point x. The weighting coefficients for the higher derivatives of u(x) can be derived from (7) in similar manners.
EXAMPLES
(2) The MLSDQ method is applied in this section to calculate two selected electromagnetic field problems. The weight function used in this study is selected as follows [1]:
where r is the domain of influence and c = r/4. The finite set of basis functions Pi(X) is set to be a 2-D complete polynomial of the second degree in the present study.
The electrostatic boundary value problem
The first example is an electrostatic boundary-value problem of an infinitely long trough. Figure I shows the cross sectional dimensions [6] . The analytical solution of this problem is [6] :
n Sin --b
Numerical solution
The MLSDQ method is applied to solve this problem.
We assume V,,=100, and a = b = 10. The domain of influence r = 5 is adopted in the calculation. The problem domain is divided by uniformly distributed grid points along the x and y directions. Equations (12) to (16) 
The steady state eddy current problem
An eddy current steady state problem is used as another example to illustrate the versatility and accuracy of the method. Consider a conductor carries a time varying current i(t) inserted in a rectangular iron slot. Figure 3 shows the conductor cross sectional dimensions. 
Analytical solution
To simplify the problem, we first assume the permeability of iron is infinite (f1 ---7 oo ) and thus the flux lines can be regarded as perpendicular to the surface of iron. Secondly, assume the electromagnetic field is one dimensional, i. 
into (21), we have
and
The current density for the one-dimensional case can be derived as:
Numerical solution
When using the MLSDQ method to address this problem, the two-dimensional case is considered. The governing differential equation for this problem may be derived as follows.
Define a vector magnetic potential A. From the Maxwell's equations, the current density can be derived as
aA. -v aA.
J. =-(5-' -uv¢=-(5-'-+J, (27) 'at at s where ¢ is the electrical potential and -(5 aA z is the at eddy current density induced by time varying magnetic field. J, = -aV ¢J is the excitation current generated by the applied electric potential.
As the current varies with time sinusoidally, the above equation can be expressed by phaser as (28) where J is the specified current density and can be 
